In this study, we examine municipal efforts to reduce greenhouse gas emissions (GHG) by focusing on emissions from vehicular sources. We compare what different cities have done to address the problem of GHG emissions from vehicles by using atmospheric data to assess the impact policy efforts have had on actual GHGs. We focus on an area overlooked in the literature, U.S. cities on the U.S.-Mexico transborder region. Using GHG vehicular emissions data from the Center for Neighborhood Technology (CNT) and an ordinary least square model, this research foundcities have reduced levels of GHGs, especially when municipal efforts are supported by state policies to reduce GHG emissions. While GHG in general are transboundary and a global issue by nature, communities in the U.S. border region are directly impacted by vehicular emissions due to cross-border trade that is not prevalent in interior communities. However, one of the main limitations in this type of study is the lack of reportable environmental data for less populated cities on the U.S.-Mexico border. Future studies need to develop alternative approaches to sustainability that could provide a more nuanced examination of some of the challenges or success in the U.S. transborder region.
Introduction
In a recent essay in Foreign Affairs, former New York City Mayor, Michael Bloomberg, made a compelling case for why municipalities would take the lead in combatting the deleterious impacts of global climate change [1] . While his essay can certainly be characterized as a call to action, it also pointed to the fact that, over the past 40 years, cities in the United States have implemented various policies to contend with climate change by working to reduce greenhouse gas (GHG) emissions [2] [3] [4] . While some cities have taken action on their own and others have acted in concert with state policies that encouraged the reduction of GHG emissions, scholars have examined these policy efforts, and the result is a growing body of scholarly research on how cities have taken the lead in promoting sustainable practices and reducing GHG emissions.
Most of the research we have on municipal efforts thus far has involved inventories and comparisons of different city policies to operate in a sustainable fashion and to reduce GHG emissions, but the focus has been limited to actions taken by the largest cities in the interior United States. Our purpose in this paper is to continue this tradition of research, but in a way that is distinct from current efforts. We accomplish this by focusing on a collection of cities that have not received much attention in the scholarly literature on GHG emission reductions. Specifically, we examine cities on the U.S.-Mexico transborder region and their efforts to reduce GHG emissions. We also compare and evaluate their policy efforts to cities elsewhere in the United States. In addition to this, we take the additional step in this effort to assess the actual impacts of municipal policy efforts to reduce GHG emissions in the U.S. transborder region by including not just the region's largest cities, but all of the region's cities, which are not well represented in extant studies.
Cities on the U.S. side of the transborder region with Mexico, especially smaller cities, represent an interesting sample for this type of investigation. These cities exist in four very different states that border the country of Mexico, which means that they are very different from communities in the interior of the United States [5] . More importantly, U.S. cities in the U.S.-Mexico transborder region have received very little attention in terms of environmental degradation studies. Part of the problem is that, despite sharing a common border, these transborder cities are characterized by a wide variety of population sizes and urban densities, and they are also distinct in terms of their respective social and economic profiles. In addition to this, American cities on the U.S.-Mexico border are also distinguished from one another in that they have fostered their own traditions, cultures, and policy priorities, but with respect to environmental concerns, they are alike because they share a common ecological environment, specifically, air basins, watersheds and rivers [5] . Thus, environmental degradation on one side of the border will carry ecological consequences for local communities on the other side.
By way of illustration, consider the fact that, in 2016, 75.6 million in-bound personal vehicles crossed into the United States [6], directly impacting the environmental conditions of U.S. transborder cities. By 2017, the number of in-bound personal vehicles grew to over 77 million [6] . More significantly, these numbers do not include in-bound and out-bound freight vehicles that regularly idle for several hours at U.S.-Mexico ports of entry where several U.S. transborder cities exist. Simply stated, in addition to border cities being different in terms of their economic and political wherewithal to deal with the impacts of GHG emissions, the incentives they face for acting to reduce these emissions are complicated by a collective action problem. Specifically, cities on one side of the border face disincentives when implementing policies to reduce GHG emissions because a lack of action on the other side can reduce or even negate any positive impact such policy efforts may have [7] . Moreover, because these cities have not been uniform in their policy efforts, policies are still deficient and environmental conditions such as strained water supplies, inadequate waste management, and pollution continue to exist in many transborder areas.
Despite such disincentives, U.S. transborder cities, like those in other parts of the United States, have implemented numerous policies to address the environmental problems they face and specifically to reduce GHG emissions. The policy actions that have been taken by these cities have naturally been motivated by the fact that environmental concerns between the United States and Mexico are significant and have been well established in the scholarly literature [8, 9] . Nonetheless, as stated above, scholarly attention to communities in the U.S. transborder region has been minimal, because most attention has focused on large metropolitan statistical areas (MSA) such as El Paso, San Diego, and Tucson, which are routinely examined for their environmental programs. Again, while we know that border cities have taken action to address the negative impacts of global climate change [5, 10, 11] , there is still room for additional research on what actions U.S. transborder cities have taken specifically to reduce GHG emissions and what impact these differential efforts have had on ambient air quality in the region. We fill this gap in this paper by examining communities on the U.S.-Mexico border, which include sparsely populated U.S. border communities such as Desert Shores, CA, La Union, NM, and Valentine, TX.
We will accomplish this by developing and estimating a statistical model that weights the various policy actions taken by local governments in this region on actual levels of GHG in the atmosphere from vehicular, nonpoint sources. We consider the impact of several geographic and socioeconomic factors as well as indicators of actual policy actions taken by cities in this region across the four states. We begin this effort with a discussion of the communities that are the target of this research, specifically, cities on the U.S. side of the U.S.-Mexico transborder region and their efforts to reduce GHG emissions from vehicles.
Theoretical Argument: Greenhouse Gas Reduction Efforts along the U.S.-Mexico Border
A 2,000-mile border from the Pacific Ocean to the Gulf of Mexico separates the United States and Mexico. This international divide converges on four U.S. states and six Mexican states. The 1983 La Paz Agreement defined the transborder region as all territory lying 62.15 miles (100 km) on each side of the international border ( Figure 1 ). This was, the first bilateral cooperation program on issues of environmental quality along the U.S.-Mexico border, and because of the La Paz Agreement, working groups were established to address water and air quality, solid waste, and other environmental issues that continue to persist in the border region. In 2004, the designation of the transborder region was amended through the Border Environment Cooperation Commission (BECC) and North American Development Bank (NADB) charter to expand the transborder region 300 km into Mexico, but with no change to the U.S. side. Figure 1 ). This was, the first bilateral cooperation program on issues of environmental quality along the U.S.-Mexico border, and because of the La Paz Agreement, working groups were established to address water and air quality, solid waste, and other environmental issues that continue to persist in the border region. In 2004, the designation of the transborder region was amended through the Border Environment Cooperation Commission (BECC) and North American Development Bank (NADB) charter to expand the transborder region 300 km into Mexico, but with no change to the U.S. side. Mexico Border 2020 Program. https://www.epa.gov/border2020 [12] .
A point often overlooked in sustainability studies of this region is that, in response to the termination of the U.S.-Mexico brokered Bracero Program in 1964, Mexico established the Maquiladora Program in 1965. The Bracero program was established in 1942 in a bilateral agreement between the United States and Mexican government. According to this agreement, Mexico agreed to provide temporary laborers for the agriculture sector in the United States, because many U.S. agriculture growers feared a labor shortage in that sector due to higher wages being offered in factories as a result of World War II [13] . Upon termination of the Bracero Program, the Maquiladora Program was introduced as a tax-free industry that allowed the temporary importation of raw materials, supplies, and machinery for assembly and manufacturing in Mexico [14] . Upon completion, products would then be exported out of Mexico and typically back into the United States. Maquiladoras provide economic incentives to foreign assembly plants (mostly U.S. corporations) in the transborder region, which has spurred unplanned economic development in an area where the environmental protection infrastructure has lagged well behind the rest of the United States [12] .
This region's environment was again significantly impacted in 1993 with discussions of the North American Free Trade Agreement (NAFTA), which would eliminate most trade barriers between Canada, Mexico, and the U.S. NAFTA would increase industrialization and maquiladora development between the United States and Mexico. Among other things, the results of this A point often overlooked in sustainability studies of this region is that, in response to the termination of the U.S.-Mexico brokered Bracero Program in 1964, Mexico established the Maquiladora Program in 1965. The Bracero program was established in 1942 in a bilateral agreement between the United States and Mexican government. According to this agreement, Mexico agreed to provide temporary laborers for the agriculture sector in the United States, because many U.S. agriculture growers feared a labor shortage in that sector due to higher wages being offered in factories as a result of World War II [13] . Upon termination of the Bracero Program, the Maquiladora Program was introduced as a tax-free industry that allowed the temporary importation of raw materials, supplies, and machinery for assembly and manufacturing in Mexico [14] . Upon completion, products would then be exported out of Mexico and typically back into the United States. Maquiladoras provide economic incentives to foreign assembly plants (mostly U.S. corporations) in the transborder region, which has spurred unplanned economic development in an area where the environmental protection infrastructure has lagged well behind the rest of the United States [12] . This region's environment was again significantly impacted in 1993 with discussions of the North American Free Trade Agreement (NAFTA), which would eliminate most trade barriers between Canada, Mexico, and the U.S. NAFTA would increase industrialization and maquiladora development between the United States and Mexico. Among other things, the results of this agreement included increasing air and water pollution for the transborder region. This is because, as industrial development and investment continued to grow so did environmental demands for natural resources, energy, and the disposal of hazardous and industrial waste [11] , creating a significant ecological footprint. Even today, these problems remain unchanged, because recent policies of the Trump Administration, while leading to a renegotiation of NAFTA, they have not altered the conditions affecting the region's environment that increased under the original treaty.
Globally, the issue of reducing GHG emissions has continued to grow in salience and it has also increased in salience in the U.S.-Mexico transborder region, affecting all levels of government. Internationally, the two most important international efforts, the Kyoto Protocol and the Paris Accords, have committed national governments to reduce GHG emissions. Cities, on the other hand, have taken actions in this area mostly as part of their overall plans to operate in a cost-efficient, sustainable fashion. Municipal sustainability efforts have been around for decades, but they received international encouragement in 1987 with the issuance of the United Nations' Brundtland Commission report, Our Common Future. The Brundtland Commission [15] (p. 8) defined sustainability as "development that meets the needs of the present without compromising the ability of future generations to meet their own needs."
The Brundtland Commission's broad definition of sustainability has yielded much scholarship on the concept [2] [3] [4] 16] . As such, scholars have continued to examine the influence of forms of local government on local sustainability actions [17] [18] [19] [20] [21] , the relationship between sustainability agendas and cities [22, 23] , the effect of education levels on sustainability [4, [24] [25] [26] , and the effectiveness of sustainability [27] . For many U.S. cities, sustainability policies increasingly came to include efforts to reduce GHG emissions, but action to implement such policies have varied greatly across cities contemplating such policy action. The result has been notable differences across local governments. Some local governments vary their approach in adopting and implementing sustainability policies [22, 25, 28, 29] . In some instances, a local government's effort to improve air quality may be muted by surrounding communities that have not incorporated sustainability agendas [2, 3, 19, 28] . Importantly, reducing ground level ozone from motor vehicle exhaust, gasoline vapors, emissions from industrial facilities and electric utilizes [30] is a central tenet of sustainability, and energy efficiency is one of the primary methods for reducing GHG emissions. Since communities in the transborder region share a common ecological environment, ozone and toxic pollutants are not contained within a given boundary-they are transboundary. Due to this, implementing initiatives that reduce GHG emissions at the local level is more difficult at the U.S.-Mexico border. Even so, U.S. border communities have continued to pursue policies that aim to improve GHG emissions in their communities.
Socio-Economic Factors and Geography and the Reduction of Greenhouse Gas Emissions
As mentioned above, with the signing of NAFTA in 1994, trade between the United States and Mexico grew at dramatic rates. Trade between the two countries grew from $71 billion in 1995 to an estimated $255 billion in 2010 [31] . While this growth has slowed down with the imposition of tariffs by the Trump tariffs, growth in trade and economic activity across the U.S.-Mexico transborder region has nonetheless contributed to many cities in this region becoming more industrialized and urbanized. Naturally, this growth and economic development led to changes in many of U.S. border cities, which resulted in positive implications, including increases in employment opportunities and growing levels of prosperity. Parallel with such positive developments has been an increase in the amount of vehicular traffic within U.S. border communities themselves as well as across the U.S.-Mexico border. This has led to increases in GHG emissions from tailpipes, which has led some U.S. border cities to act to reduce these emissions.
We know from existing research that higher levels of income are positively associated with increased political interest and efficacy because citizens with higher levels of median household income possess economic and social capital that enables them to consult with and influence elected officials [32] [33] [34] . What this means is that demand for policies that increase environmental quality may increase with income, and, as Magnani [35] has shown, higher per capita incomes result in declines in pollution emissions. While the existing literature finds a linear effect between income levels and sustainability levels, the economic characteristics of the border region require us to reexamine the shape of this well-established relationship. Cities in this region are generally characterized by depressed economic conditions, high unemployment and poverty rates, and low-income levels, when compared to the interior communities. Employment sectors in the transborder region are labor intensive, including agriculture and manufacturing as well as low-wage service industries [36] . Moreover, compared to cities in the interior of the United States, income levels in this region ranged from $12,000 at the low end to nearly $82,000 for the wealthiest city under examination, which is important in light of the fact that income levels are known to be a predictor of negative environmental conditions [37] [38] [39] [40] .
Taken together, these economic characteristics may result in the relationship between income and environment in the transborder region being nonlinear. Border communities where economic conditions are generally depressed and incomes are low will be subjected to less political influence demanding attention to environmental issues, providing leaders in lower income cities with fewer incentives to act to reduce GHG emissions. However, as income levels increase and cross certain threshold, citizens will become increasingly interested in the environmental problems they face and, thus, will begin advocating for policies that lead to investments in efforts to solve environmental problems, including reducing GHG emissions. While this suggests a linear relationship, the relationship may be more complicated with respect to GHG emissions from vehicles. Specifically, it may be that, as median incomes increase, individuals may be more interested in solving environmental problems, but they now have more resources to acquire additional vehicles, which will lead to increased GHG emissions from automobiles and trucks. For these reasons, it is necessary that our analysis consider statistical controls for this potential nonlinearity, and, as a result, a squared version of a city's median income will be added to the analysis we conduct below. This non-linear relationship is empirically supported as represented in Appendix A.
The impact of two additional socioeconomic factors will be considered in the analysis we conduct below, both of which focus on characteristics of the populations in U.S. cities on the U.S.-Mexico border. The first of these concerns the level of education that characterizes the population of cities in this region. The scholarly literature on socioeconomic resources and political behavior has shown that individuals with higher levels of resources, specifically, education and income, are more likely to overcome collective action barriers and participate in the political process and advocate for their interests [41, 42] . This scholarship is relevant for citizens taking action on environmental problems because, as Jepson [24] and Kwon, Jang, and Feiock [26] have shown, cities with a greater percentage of college-educated citizens are more likely to influence local government's pursuit of environmental actions. Research also shows that cities with a greater percentage of college-educated citizens are more likely to support environmental activism [25, 43] . In addition, research on the impact of political and civic activism focused on the pursuit of sustainability policies find that residents with higher levels of education are likely to take issues of sustainability more seriously [4] . Moreover, the education levels of citizens have been found to be factors that directly influence how local government officials respond to sustainability efforts [2] . As a result, a city's level of education is known to be an important factor, allowing its leaders to pursue policies that would potentially lower levels of GHG.
The final socioeconomic factor considered in the analysis we conduct below is intended to distinguish U.S. transborder cities in terms of their racial and ethnic characteristics. There are two reasons for distinguishing our sample of cities along racial/ethnic lines, the first of which centers on the problem of environmental injustice whereby poorer, high minority or marginalized communities bear a disproportionate burden of environmental degradation [37] and, thus, end up with the most severe forms of environmental problems. In addition to this, the political behavior literature has shown that individual policy preferences are in many ways related to the racial and ethnic characteristics of respondents. As a result of this, a measure of a border city's ethnic and racial characteristics is included in the analysis.
Parallel with a border city's overall socioeconomic profile and population characteristics will be how distributed that city's population is geographically. Cities on the northern side of the U.S.-Mexico border are not only spread out over a very long border that covers 2,000 miles, they also represent a very broad range of cities in terms of acreage and population size, which combine to indicate how concentrated or spread out the citizens of a city are. This analysis takes the geographic distribution of a city's population into consideration when assessing different municipal efforts to reduce GHG emissions from vehicles.
Politics, Policies, and the Reduction of Greenhouse Gas Emissions
There is a second category of factors that we take into consideration in our analysis of what accounts for the various efforts that U.S. border cities have taken to reduce GHG emissions from vehicles. As U.S. cities in the border region continue to grow and develop, some have elected to become involved in collective efforts to address the deleterious aspects of global climate change and promote sustainable development. Becoming involved in collective efforts such as climate change networks leads communities to become engaged in policy actions to promote sustainability in their communities [43] [44] [45] . One such initiative that encourages local governments to commit to this type of policy action is ICLEI-Local Governments for Sustainability (formerly, the International Council for Local Environmental Initiatives). ICLEI is a sustainability network organization founded in 1990 by representatives from 43 countries. Shortly after ICLEI was founded, a campaign was launched-the Cities for Climate Protection (CCP)-that ended up as a replacement to the Urban CO 2 project [21] .
Initially, six local governments partnered with ICLEI to collaborate and develop initiatives on reducing GHG emissions [46] . Today, ICLEI consists of over 1500 cities, towns, and regions, including more than 120 countries worldwide. In the United States, there are over 550 local governments that joined and committed themselves to promoting action on reducing the deleterious effects of global climate change. While only a small number of cities in the U.S.-Mexico border region are ICLEI members, taking note of such a membership is important because municipal members commit themselves to combatting global climate change by reducing GHG emissions. Finally, ICLEI fosters an atmosphere of cooperation and collaboration among the various levels of governments (i.e., state, county, local), and it foresees urbanization and economic development coexisting alongside with sustainable cities [21, 47] . Considering these ICLEI efforts, we anticipate that, compared to nonmembers, border cities with an ICLEI membership will have taken a more active role in addressing climate change and, thus, will have lower levels of GHG emissions than nonmembers.
The next factor we consider is a city's form of government, specifically whether a city has a mayor-council form of government or a council-manager system. A vast body of research has examined the relationship between local form of government and policy preferences. Structural differences in local government have been found to influence how local policies are developed, adopted, and implemented. Studies on political institutions suggest that the influence of government structure on local policy processes is significant, since distinct forms of government produce different incentives and constraints for local policy makers [48] [49] [50] [51] [52] . This is significant since local officials have significant influence on the adoption and management of local policies [53] . As U.S. transborder cities continue to expand their role in sustainability efforts, form of government becomes a central factor in the policy process.
Two forms of government are often examined, mayor-council and council-manager. The mayor-council structure is comprised of an elected council and an elected mayor with varying degrees of administrative power. Since this form of government consists of elected officials, a primary goal for this form of government is political responsiveness [54] [55] [56] . In contrast to this, the council-manager structure consists of elected city council members who appoint a nonelected professional manager to execute the daily administrative operations of the city. The primary goal of the council-manager system is to increase efficiency and effectiveness in city government through day-to-day administrative processes [54] [55] [56] . The distinction between the two forms of government is significant, because divergent motivations exist for elected officials based on different government structures.
This work has shown that these institutional differences are important for understanding how local policies are developed, adopted, and implemented, which means that these differences are related to whether cities have a propensity to pursue efforts to reduce GHG emissions and other sustainability policies. Studies show that council-manager governments have a significant and positive influence on local government's pursuit of sustainability initiatives [18] , like GHG reduction efforts. Research also suggests that council-manager governments have a significant and positive effect on the number of sustainability tools directed at governmental operations, but less of an effect towards community-based efforts [17] . Related to this, Opp, Osgood, and Rugeley [20] noted in their examination of factors that lead to the adoption and implementation of environmental policies at the local level that council-manager governments have a positive effect on sustainability policies. Moreover, Svara [21] found that council-manager governments are more likely to have joined ICELI, acknowledging their commitment to adopting sustainability initiatives.
The reason for these different outcomes rests with the managerial characteristics of the council-manager structure, which enables local governments to develop sustainability and GHG reduction policies from a more insulated position, that is, with less influence from external stakeholders than the mayor-council institutional arrangement. This is a result of the varying objectives and rationales that professional managers bring to city government when juxtaposed with the goals and interests of elected officials. As a result of this, a border city's form of government will have considerable influence on efforts to reduce GHG emissions. The expectation is that U.S. border cities with a council-manager structure will have considerable influence on the adoption and implementation of initiatives that lower GHG emissions.
Since we are examining the policy efforts of U.S. border cities to reduce GHG emissions from vehicles across four states, we must look at both specific municipal policies to reduce GHG emissions as well as any relevant policies enacted at the state level that would distinguish cities in one of our four states from each other. In this respect, the state of California is distinct from Texas, New Mexico, and Arizona when it comes to reducing GHG emissions from tailpipes. California's efforts to reduce emissions from vehicles began in 1959, when it became the first state to promulgate statewide standards for vehicular emissions. The effort continued when Ronald Reagan was governor when, in 1967, he and other state leaders created the California Air Resources Board (CARB), which was directed to reducing air pollution throughout the state. One target of the CARB was emissions from vehicles, and over time CARB actions led to California having the cleanest fuels and lowest polluting vehicles in the nation. Currently, the most important CARB initiative is its Zero Emission Vehicle Mandate, where the goal is for the state to have 1.5 million electric vehicles on the road by 2025. As a result of such policy initiatives, we expect that border cities in California will be distinct in their efforts to reduce GHG emissions from vehicular sources [57] .
In addition to the policy efforts of the states of California, some U.S. cities in the transborder region have designed and implemented their own specific policies to reduce GHG emissions from vehicular sources. Some of these policies are spelled out in their Comprehensive Plans and, thus, are implemented by staff in the Community Planning Divisions of their respective Departments of Community Development. Other such efforts may be part of a city's overall conservation and sustainability efforts and, thus, may be the purview of another city department. For example, the City of Chula Vista, California, has a Conservation Division within its Economic Development Department, and it is in this division that the city has implemented a policy to reduce GHG emissions by encouraging alternative forms of transportation. This effort includes the city providing maps of alternative fuel stations and providing residents with opportunities to pursue alternative commute options so that drive times in the city will be reduced. We note here that many U.S. border cities have developed bicycle lanes within their boundaries to encourage cycling, but these have been identified primarily for recreational purposes but not as a deliberate policy to reduce vehicular traffic and the overall use of GHG producing automobiles. Chula Vista as well as nine other cities in our data have done this as part of a deliberate plan to reduce vehicular use so that GHG emissions from tailpipes can be reduced, and it is only these cities that we identify in the analysis we conduct below.
We took two additional steps to distinguish U.S. cities in the transborder region that took specific steps to reduce GHG emissions from vehicles. The first of these steps involved determining whether a city put together and implemented a Climate Action Plan. While modelled after the original Climate Action Plan put together and implemented by the Obama Administration in 2008, these municipal plans are varied in the policy actions they emphasize. Nonetheless, all of these plans have GHG calculations and a discussion of the methodology they will use to monitor the levels of GHG emissions that exist in their areas of operation [58] . The second additional step we took to distinguish the efforts of U.S. cities in the border region to reduce GHG emissions was to identify cities that have stand-alone departments that address environmental matters and sustainability. The best illustration of such a city is the City of Tucson, Arizona, which has a Department of Environmental Services as one of its principal city departments. This Department of Environmental Services is responsible for such actions as the management of waste collection and disposal, but it also has sections dedicated to improving environmental conditions as well as reducing GHG emissions [59] .
Materials and Methods
The unit of analysis is U.S. transborder cities, and as discussed above, we are interested in accounting for the differential approaches employed by these cities on the U.S. side of the U.S.-Mexico region to reduce GHG emissions from vehicular sources. Although the inclusion of cities on the Mexico side of the border would be very desirable and would make this study of border cities more complete, this effort is limited to U.S. cities in the border region because of limitations in the availability of data for the indicators we include in our analysis. As a result, we initially identified 93 cities in four different U.S. states located within 100 km from the U.S.-Mexico border (AZ-12; CA-16; NM-11; and TX-54), but despite identifying 93 our analysis consists of 72 cases due to data limitations. In particular, eleven of 93 cities in our analysis did not have any reportable GHG data thus reducing the number of cases to 72. In addition, the city of San Diego is excluded from the analysis because its size skews the results. San Diego is excluded because of its population size of 1.3 million when compared to the other less populated cities in the analysis, and the transborder region is known for smaller populations often overlooked in the literature. Moreover, results of a Cook's D test also revealed that San Diego functions as an outlier which necessitated that we eliminate it from our models. However, we did run an additional model including San Diego which confirmed that San Diego does act as an outlier. Further details are discussed in the Results section.
Data on the dependent variable derives from the Center for Neighborhood Technology (CNT) website, which captures the actual amount of GHG in the atmosphere as measured by tons per acre [60] . Specifically, the dependent variable is derived from the Housing and Transportation Affordability Index (H + T) and is the GHG emissions from household vehicle use in 2010. This value is calculated using the modeled values for Vehicle Miles Traveled (VMT), a national average fuel efficiency, and an average emissions factor per gallon on gasoline. The per acre measure divides the total block group emissions by the total land acres in the block group. Although GHG is generated by other types of vehicles, such as freight, this study focuses on GHG emission from household vehicles. This is the main source of GHG emission in the region and is the only available GHG from the H&T index. We collected both GHG per household and GHG per acre, but due to numerous missing variables in GHG per household we instead use GHG per acre with more robust data. The per acre measure divides the total block group emissions by the total land acres in the block group [59] . This provides a reliable method to calculate the GHG emissions associated with household vehicles. GHG emissions are a critical component in accounting for the differential approaches employed by cities on the U.S. side of the border to reduce GHG emissions from vehicular sources. The CNT data has been used in previous studies [61, 62] , and we use the data provided by them. Since the dependent variable is a continuous variable, we employ an ordinary least square (OLS) model. Methodologically, regression analysis, specifically, linear regressions, has been used in studies examining local sustainability [63, 64] . As Azeez et al. [65] point out, numerous studies conducting this type of research have used various statistical, regression, and artificial intelligence models to predict and simulate vehicular GHG emissions.
Data for the independent variables were taken from multiple sources. The first independent variable involves the relationship that exists between a city's income and its GHG emissions. We test our hypothesis on the non-linear relationship between income and GHG emissions by using median household income in each city (in thousand dollars) and by also using the square of median household income (in thousand dollars) (for instance, income squared and non-linear relationships have been examined by Dollar and Gatti [66] ; Layard, Mayraz, and Nickell [67, 68] ). Income data are drawn from the 2010 U.S. Census. As discussed above, several other socioeconomic indicators have been shown to influence the policy efforts of border cities to reduce GHG from vehicular sources. The scholarly literature has shown that education levels are an important factor in these kinds of city policies, and we capture their impact in our analysis by including the percentage of a border city's residents who are 25 years or older and have a college degree. Data for this variable is derived from the 2010 U.S. Census. The variable we use to measure the racial/ethnic makeup of U.S. border cities is the percentage of non-Hispanic white residents in U.S. border cities, and we expect the value of this percentage to be inversely proportional to the level of GHG emissions in their respective areas. Clark, Millet, and Marshall [69] have shown that non-Hispanic white populations are more likely to live in areas that are characterized by less environmental degradation, and this leads to our expectation about the relationship and levels of GHG emissions surrounding a border city. Data for this measure was taken from the 2010 Population Census.
The final socioeconomic variable included in our analysis is focused on how concentrated or disbursed a border city's population is geographically. This is a city's population density, and data for this variable are collected from the 2010 Population Census. The expectation is that the densely populated cities is expected to face higher levels of environmental challenge and, thus, have higher levels of GHG emissions from vehicular sources.
We also take into consideration two selected political and policy variables that will help account for the differential efforts of U.S. border cities to reduce GHG. The first of these involves whether a city has membership in ICLEI. The variable is binary and is coded 1 for membership status and 0 otherwise. Data is available from the organization's members website [70] . While endogeneity may be an issue as high GHG emissions may propel a city to adopt ICLEI membership leading to emissions reductions [71] , we do not test for endogeneity due to the lack of time series data and the limited number of cities who were ICLEI members between 2009 and 2010. As only two of five cities were ICLEI members prior to the period of observation it limits our ability to fully test for endogeneity. Data for a city's form of government was obtained via an examination of city government websites and telephone interviews with managers of local governments. City form of government is coded as 1 for council-manager and 0 for all other forms.
Four dummy variables are also included in the analysis to capture the impact of the political and policy factors. Three of these variables capture whether a border city had drafted and implemented a Climate Action Plan, maintained a separate city department of environmental services, and had designed and implemented a specific plan to reduce vehicular emissions through the promotion of alternative means of transportation. These border city characteristics were determined by examining the various city websites and then conducting interviews with selected city managers. Finally, state dummy variables are also included to capture, first, the impact of the State of California Air Resources Board's efforts to reduce vehicular emissions. We also conducted our analysis to determine the impact of being one of the three remaining states and how coefficients on our other factors changed for New Mexico, Arizona, and Texas. We understand that it may seem unnecessary to run two separate models with different dummy variables, but we chose to analyze our data this way for two important reasons. Firstly, as discussed above, we know that greenhouse gas emission reduction policies in California are different because of the more active state effort there, and having a model with a California dummy will allow us to capture this impact. If we simply report this model only, we are then operating on the assumption that there are no state differences with respect to the remaining states of Arizona, New Mexico, and Texas. In fact, this may be the case, but we chose to include a second model with dummies for these remaining states. Consequently, by proceeding this way we can investigate this possibility empirically and be more certain rather than risking the possibility that our analysis be weakened my assuming an outcome rather than investigating it in data analysis. Our empirical model is specified below and the descriptive statistics for the variables can be found in Appendix B.
GHG amount = β 0 + β 1 (median income) + β 2 (median income squared) + β 3 (population density) + β 4 (white percentage) + β 5 (education level) + β 6 (form of government) + β 7 (ICLEI membership) + β 8 (climate action plan) + β 9 (emission reduction plan) + β 10 (environment department) + ε
Results
Our models were estimated using Ordinary Least Squares with robust standard errors to counter the heteroscedasticity detected in our data, and results are presented in Table 1 . As revealed in the table, we estimated two separate models, one where we included the dummy variable for the State of California and the other where California was left out and the states of Arizona, New Mexico, and Texas were included as separate dummy variables. Concerning the California model, the regression F was significant at the p < 0.01 level so we can assume that the estimates for the model's coefficients are statistically significant from zero. On the other hand, the Regression F for the remaining three-state model was not significant, which means we cannot assume that our coefficient estimates are significantly different from zero, even though dummy estimates as well as estimates for the other variables were similar across these two models.
To get around the statistical weaknesses of the non-California model, we estimated three more models, one for each of the three remaining non-California states. The Regression Fs for the New Mexico and Texas estimates were not statistically significant, indicating that coefficient estimates for the models with these two state dummies may not be statistically different from zero. On the other hand, the regression F for the Arizona model was significant at the 95% level of confidence. Despite these differences, results in these three models were similar in terms of the impact of a border city's median income and whether it has devised and implemented a specific plan to reduce GHG emissions. Coefficients were nearly identical across these three models, and they were also similar to the results produced in the non-California model in Table 1 . Given these results, we focus on Table 1 which tell us about the differential efforts of border cities to reduce GHG emissions from vehicular sources.
Several of our expectations for which factors would be important in reducing actual levels of GHG emissions came from existing scholarship that focused on larger cities outside the U.S.-Mexico border region. Several of these expectations were not upheld in our analysis of the policy actions of U.S. border cities. Specifically, education levels, population densities, and the percentage of non-Hispanic whites in a city did not have a statistically significant impact on a border city acting to reduce its level of GHG emissions from vehicular sources. Again, these three socioeconomic variables have been found to be substantively and statistically significant in studies of larger city policy actions. The one socioeconomic factor that was important was a city's median income. Our results support the complicated relationship that we discussed above with respect to income and levels of GHG emissions. The coefficient was positive and statistically significant, indicating that wealthier cities in the U.S.-Mexico border region generally have higher levels of GHG emissions from vehicular sources. Also, while not statistically significant, the sign on this value squared was in the correct direction, indicating that the marginal impact of increasing city income declines as incomes rise. While we would expect a city's economic wherewithal to be an important factor, the relationship between median income and GHG reduction efforts is complicated when we examine this relationship in border cities. This complicated relationship may be because these cities are unique in their level and pattern of economic development. Specifically, when the economic structure of border cities is not advanced, and accordingly income levels are low, increases in income will add to the output of GHG emissions from vehicles. However, once income levels increase to a higher threshold, environmental sustainability is perceived by residents to be a more important policy goal. In other words, the implications are twofold: firstly, early economic development stages result in negative environmental conditions, but as economic development begins to flourish and income increases, environmental degradation decelerates. Secondly, in the U.S. transborder region, many of the cities in this analysis are still experiencing population and industrial growth and, consequently, environmental degradation, which creates a complex situation for local governments who want to adopt GHG reduction policies. We suspect that until population and industrial development reaches a certain high point in a border city, a lack of GHG reduction policies will be the norm and emission levels will remain high.
Our results were also somewhat unexpected in terms of the impact of some of the policy and political variables that we included in the analysis. Firstly, while its sign was negative and in the expected direction, a city having an ICLEI membership did not lead to reduced GHG emissions in a statistically significant manner. This may be the result of the fact that there are only two ICLEI members among U.S. border cities. In addition to this, having a council-manager form of government was not statistically significant, and its sign was positive and, thus, not in the expected direction. While the literature is clear in that sustainability policies, such as those directed to reducing GHG emissions, are more likely to occur under a council-manager form of government, it is clear that leaderships in U.S. border cities are facing different imperatives that render this institutional difference not substantively important for their efforts to implement certain environmental policies. This, in fact, may derive out of the collective action all forms of government face in taking any policy action to improve environmental conditions.
Given the results presented so far, the remaining question is: what then accounts for whether a city on the U.S. side of the Mexican border will take specific action to reduce GHG emissions from vehicular sources? Our results indicate that four additional factors help explain levels of GHG emissions in the air surrounding our U.S. border cities. Three of these factors had coefficients in the expected direction that were statistically significant, while the fourth variable was statistically and substantively important but resulted in a coefficient with a sign in an unexpected direction. This factor rested on whether a border city had prepared and implemented a Climate Action Plan. Our expectation was that taking the time to prepare and implement a climate action plan would be associated with lower levels of GHG emissions from vehicular sources, but our analysis revealed that the opposite was true. Indeed, U.S. border cities that completed and implemented Climate Action Plans were associated with higher levels of GHG from vehicles.
Three factors appear relevant for understanding why cities that prepared and implemented Climate Action Plans were also those with high levels of vehicular GHG emissions. The first is simply that, while only a small number of border cities designed and implemented Climate Action Plans, the ones that followed this policy path were most likely to be border cities with higher levels GHG emissions. The second reason for this result is related to the previous explanation in that the Climate Actions Plans that were designed and implemented by U.S. border cities have not been in effect long enough to have had a measurable impact on the air of cities that followed this policy path. Recall from the above discussion that the impetus for putting together Climate Action Plans was implemented by the Obama Administration in 2008. Given the timing of our data, the implemented Climate Action Plans we noted would not have been in effect long enough to have had a measurable impact on reducing levels of GHGs in the atmospheres of the border cities that implemented them. Finally, Climate Action Plans are comprehensive policy documents that involve more than GHG emissions from vehicular sources, which means that they may have a positive impact on some aspects of the global climate change problems but not on the specific problem we are investigating in this research.
The remaining factor with the largest, statistically significant impact on GHG emissions from vehicular sources was a border city having a specific plan to reduce vehicular use and the pollution that comes from vehicles. The other two factors, the State of California with its unique policies to encourage the use of electric vehicles and a border city having a stand-alone environmental services department, were both associated with lower levels of actual GHG emission levels from vehicular sources. While coefficients on these two explanatory variables were substantively significant, their statistical significance was at the p < 0.10 level. Overall, these results tell us that state policy action is important but that even when cities act alone, they can have a significant impact on reducing actual levels of GHG emissions from automobiles and trucks. These are important findings because they tell us that the structural (socioeconomic) characteristics of cities are less important than possession of the political will simply to implement the policies necessary to grapple with the deleterious effects of global climate change. This is true even when cities face disincentives from taking such policy action as do our cities on the U.S. side of the Mexican border.
Although we do not report San Diego in our results, we did run an additional model including San Diego and found the results to be consistent with our main model that excluded San Diego. One difference was found in the median income variable that was not statistically significant in the model that included San Diego. It could be that the median income in San Diego is higher when compared to other border cities, which makes it difficult to maintain a consistent comparison between border cities. In addition, San Diego is the second largest city in the U.S. that borders another country; its population size and land area (square miles) are also not reflective of other U.S. border cities in this analysis.
Discussion
This study finds that state policy action is important in reducing GHG from vehicular sources, indeed, just as significant as are actions from transborder cities themselves to address emissions from vehicular sources. Transborder cities in the U.S. share climate change issues such as GHG emissions from vehicular sources that make it difficult to act to counter the damaging impact of global climate change. Although, transborder cities share similar characteristics such as poor ecological environments, continued economic development and industrialization, and factors that directly impact the level of environmental sustainability, policy action challenges exist across an international divide. Combating GHG emissions from vehicular sources is a complicated endeavor when one of the member states or city has a policy action disincentive to address vehicular emission concerns. This problem is further amplified by the fact that both sides of the border have large industrial urban areas as well as small rural cities that have competing interests, both economically and environmentally. In other words, because GHG emissions are transboundary it will take efforts from cities on both sides of the U.S.-Mexico border to address emission concerns from vehicular sources in the transborder region. As Klein [72] suggests, until there is a consensus of good faith actions to address climate change between developed and developing countries, policy challenges will continue. While GHG in general are transboundary and a global issue by nature, communities in the U.S. border region are directly impacted by vehicular emissions due to cross-border trade that is not prevalent in interior communities. Along this same line of research, Alzard et al. [73] found that in 2016 the transport sector was responsible for the second largest amount of GHG emissions and that road transport was projected to continue to grow. Thus, as Pindyck [74] asks, after a cost benefit analysis of implementing an environmental policy, is a climate policy even worth adopting?
In spite of the complications we uncovered, this analysis made three theoretical contributions to the extant literature. Firstly, this study contributes to an area that has not received much attention in the literature: what accounts for whether a U.S. city on the U.S.-Mexico border will take specific action to reduce GHG emissions from vehicular sources. While numerous studies have examined larger interior U.S. cities and their efforts to reduce GHGs, we contribute to the literature by examining an area often overlooked in the scholarly literature: cities in the U.S. transborder region. These cities are distinct in terms of their geographic location (i.e., they share a border with a less developed country), respective social and economic profiles, traditions, cultures, and policy priorities. Several factors appear relevant for understanding why U.S. transborder cities prepare and implement emission plans. U.S. transborder cities who adopted and implemented Climate Action Plans were most likely to have higher levels of GHG emissions. This result is related to when the Climate Actions Plans were designed and implemented. Given the timing of our analysis, the implemented Climate Action Plans would not have been in effect long enough to have had a measurable impact on reducing levels of GHG in the atmospheres of the border cities that implemented them. As stated above, Climate Action Plans are comprehensive policy documents that involve more than GHG emissions from vehicular sources, which means that they may have a positive impact on some aspects of the global climate change problems but not on the specific problem we are investigating in this research.
A second contribution of this analysis centers on factors that are important in reducing actual levels of GHG emissions. When compared to prior scholarship, which has focused on larger cities outside the U.S.-Mexico border region, socioeconomic variables are typically substantively and statistically significant in studies of policy actions. Several of these findings were not upheld in our analysis of the policy actions of U.S. border cities. Education levels, population densities, and the percentage of non-Hispanic whites in a city did not have a statistically significant impact on a border city acting to reduce its levels of GHG emissions from vehicular sources. The implications of these findings seem to support the argument that transborder cities and interior U.S. cities may have divergent climate action initiatives for addressing vehicular emissions. The third contribution of this analysis is that the present study examines sustainability efforts for U.S. border communities overlooked by the ICMA or other regional and national surveys. The present study is one of a few to examine social and political (policy) factors that impact levels of GHG emissions from vehicular sources exclusive to the U.S. transborder region.
Limitations and Areas for Further Development
This study examined whether a U.S. city on the U.S.-Mexico border will take specific action to reduce GHG emissions from vehicular sources. We focused on social and political factors that impact levels of GHG emissions in transborder cities. With this in mind, we also recognize existing limitations with our research. Firstly, analyzing a single year of data can be problematic in generalizing our findings; one year of data may have overlooked factors which may have affected GHG emissions from vehicular sources. For example, causal factors such as miles traveled within cities and fuel prices may have led to changes in travel patterns resulting in lower or higher vehicular GHG emissions, which has the potential of leading to a discussion on causation or correlation in the reduction of GHG emissions; this is an area for additional scholarly attention. Additionally, our analysis was limited to one year of observations due to the lack of available GHG emission data. Secondly, the CNT data used in this analysis only accounts for household vehicles and does not include freight, agriculture, or other off-road vehicles. This challenge is an area ripe for future research. In addition, there are several other variables that could have been tested in this analysis, but the lack of data specific to the transborder region proved challenging. For example, while cross-border trade is a common occurrence in the U.S.-Mexico transborder region, not all the cities in the analysis are located directly at a border point of entry. A third limitation is the lack of available environmental data for individual U.S. transborder cities. Although the U.S. and Mexico acknowledge the need for more transparency in data collection that directly affects the transborder region, to date, data on the transborder region is isolated to large metropolitan areas such as San Diego, CA and Tucson, AZ. Nevertheless, this study is the first step in bridging the gap between large metropolitan areas and lesser known communities such as Desert Shores, CA, La Union, NM, and Valentine, TX. Future studies need to develop alternative approaches and expanded data on such GHG reduction efforts in order to provide a more nuanced examination of some of the challenges or successes in the U.S. transborder region.
Conclusions
Several key findings and implications can be taken from this study. In the U.S. transborder region, the relationship between median income and GHG reduction efforts is complicated. The economic structure of some cities in the U.S. transborder region are not advanced, levels of low income and education continue to exist, and because of this an increase in income will add to the output of GHG emissions from vehicular sources. However, once income levels increase to a certain threshold, issues of environmental sustainability are seen as important policy goals for residents. The implications are significant on two fronts. First and simply stated, early stages of economic development result in negative environmental conditions, however as economic development becomes robust and income increases, negative environmental conditions decelerate. Secondly, in this analysis, many cities in the U.S. transborder region are still experiencing population growth and economic development resulting in negative environmental conditions. This scenario creates complex issues for local governments who want to adopt and (or) implement GHG reduction policies. We anticipate that until population growth and economic development reach their highest points, a lack of GHG mitigation policies will adopted and emission levels will remain high. These complex implications seem to support the argument that transborder cities and interior U.S. cities may have divergent climate action initiatives for addressing vehicular emissions.
While the results from this study are informative, the implications of the findings also raise questions that lend themselves to future research. Indeed, if it is a matter of political will at both state and local levels that produces policies to lower actual levels of GHG emissions from vehicular sources-or any other sources for that matter-then it would be worth understanding why some cities and states possess that will and not others. Furthermore, the U.S.-Mexico transborder region is known for its large Latino population and additional empirical studies are needed to further examine GHG emissions from vehicular sources in predominately Latino regions in the U.S. This is another area that is underdeveloped in the academic literature. Finally, while this study focuses on the individual city level, future studies should also consider more dynamic characteristics such as spatial autocorrelation. While this will have to be the subject of future research, we hope that the research we completed in this study will be an informative basis for this future research. 
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